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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize high performance integrated 
transistors by forming well aligned n-channel MOS transistors using a 
tensile-stressed Si layer and p-channel MOS transistors using a 
compression-stressed SiGe layer formed basically as a thin film layer 
structure on the same substrate. 

SOLUTION: N-channel MOS transistors using a tensile-stressed Si layer 
16 for channel regions and p-channel MOS transistors using a 
compression- stressed SiGe layer 12 for channel regions are formed 
basically as a thin film layer structure on the same substrate, resulting in 
that the properties of both layers are fully utilized to realize a high speed 
and high performance integrated transistors. Since an SOI structure is 
utilized at the n-MOSFET forming region, its feature can be utilized to 
greatly reduce the parasitic capacitance of the device to more advance 
the high speed and high performance of the integrated transistors. 



gas 



pes % wwwy* 



it) 



SITS 



~N2 





LEGAL STATUS 

[Date of request for examination] 28.05.2001 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 33 1 1 940 

[Date of registration] 24.05.2002 

[Number of appeal against examiner s decision of 
rejection] 

[Date of requesting appeal against examiner's decision 



of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



(l9)B#B#fFJf (JP) 



02) £t BS 45 It £t « ^) 



4WR0-92947 

(43) ^HB ¥^10^(1998) An 10 H 



(51) IntCl. 6 
HO 1L 21/8234 
27/088 
29/78 



mm* 



F I 

H 0 1 L 27/08 
29/78 



102C 
3 0 1H 



msm^t m#m<D&2 ol i h) 





ftBi¥8- 245048 




000003078 










(22)tflMB 


¥/£8¥(1996)9m7B 




w^t;iimjn«STtt^K«!;iiBi72#fl!i 






(72)fglJMf 
























(72)?89J# 










»^;ii^iirBfTfj#K/MBim2WT i mm m 
















&\k mm 








w^;nm;ii*sm#iK/MSim^Br imrn m. 














(74)«aiA 


#3!± fctC SHE W6€) 











(54) ismv&m ¥&#mwRV*:<DWttim 

(57) [B»] 

*ttlB©S. i M£JBEtt2*ttffi©S i G'eltSSM 

sut. siifin ±c»ds$nfcffisi*««<o 

llfflS iGelHi, flOS iGell 2 CD— £K 
(C^fiK^nfepMOS FETt. S10S i Geil 2 

©pmos f ETMf&m®&.n<nmmzmitm:i 4&fr 

HfflSiGeil 2fcififc:«itt$nfct&^»fQtt!B© 
^2©SiGeil5i, fg2©SiGe)fl 5 ±izM 
Jj££nfc§lo3I9^M#ffiC9S i Jf 1 6 i. Si g 16 
l:W3ntnMOSFETtMx.fc. 
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<b, ;:©ig l ©~>'J n>y;i/-r-r>AB©f?f^®^tcjg 
U a.>yK"')Ai(Dpff^l'MO Sh7>y^^ 

\zmi8. $ nfc 5io m v m^mmo -> u >@ t , c © -> 

[»3fcg2] -> 'J 3 >SfilCEffiI%.WI©« 1 ©-> 

■5«ililRS:JBJ*-r*xe<«:. i^lft»IR±RtfBiii6»aJg 
© IS P 1*1 fc C V D > U n ><7-*;|/V - 9 A S £ 

Tte^asittffiajSS 2 ©->u n >y;UT-^AH*®jBK 
tsiit. ^2©vUn>^;uv-9A^±c?lo3i 
Ol^loy'J 3>l*xtr^ + >'^;^ft-r-5XS 
<h , iWB v U 3 2 © -> U 3 >^r;Uvx^ AS 

<B-«£Bfc*-t*X8<!:*^*. 

Mf2v U 3 >lS.y.'^ 2 ©-> U n >yjU-7xr7 A@£G£ 
* L fc««T «m 1 © v U 3 >y X'i'AlftCp^ 

m 2 ©-> U a ^il-vr^AI^S Lfc?B«T(i|^-> U 
a>iCnft^MOS h7>y*X^5:Mt5:i 

[0 0 0 1 ] 

[«B|0It5affi»f] #5SWi, MOS H7>y'X 
[0 0 0 2] 

[«E#©8ffi] ifi¥, MOS h5>^X^©iS3i{bSr0 
SfcftC. ->Un> (S i) (Ge) © 

?-t^MOSh7>yX^ (^T. nMOSFETt 
■SET*) ©!fiiSfl:«:H*fc»K:, S i SSXfC&^lg 
fPSitfcS i Ge/t7 7 7i^LX d©±l'?lt?!S 
D^*-^sl©S i «£)gf&U. ^©^lo^aOM^ttffi© 

s i Bs^-^^tuTfijfflTa^ffi^aiesnTu 

-5„ d© 31^38 Dg2M£ffi©S i UTteAMI^S i tit 
^UTS^KS^lt^TSfei*, MOSh5>y7^ 
&&mit-Z% Z>z\ £fim<Z>tlT^Z> (I EDM Tech. Diges 
t. 1994, P373-376) . 



' [0 0 0 3] £<08«*fflt>T3lo»D 
S^-tt^©S i HS:t#-5fc*fC«, S iGe%7?B 

SFETT11 V-X • KU-f>ISlOlf±*I*««* 

[0 0 0 4] -J.'pft^MOSh7yyX^ 
T> pMOSFETtBSIE-r-5) ©iftii'fkSr0-5fc«)fC 
tt. S i »S±{CffiHIS^ttli©S i GeMML, 

n&m&w®±?z>tzib. pmosfetoim^i 

Sdt^pjffit^^ (IEEE ELECTRON DEVICE LETTERS, V 
0L15.NO. 10. 1994. P402-405) . Z. HT, E«SS*«JB© 
S i G e II £ -5 £ SiGelffllMG 
e ©ffl^Jtifi£ftMK K«k 0 ft^^n-5iSa#^J»RTt 
f (J. Appl. Phys, vol70, No. 4, 1991. P2136- 

2151) . 

[0005] £.z\ 5f, jessismsiim**© LSI* 

S)iX-5fca6tC(i< nMOSFETtpMOSFETt 

nMOSFETTtt. TtfiiLTCS i Gellifefl 

n, EII*ti©S iGeISffll/>fcpMOSFET 
-Ctt, S i GeCSWimt^I^Stl'*. OS: 
0. nMOSFETtpMOSFETTMtSnsS 

iGeici* fimfczz-tfrz. zm 

[0 0 0 6] &*5. pMOSFETinMOSFETJ 

fc. nMOSFETfcttS 1 GeJBWJWBIBfciifcigH 
[0 0 0 7] 

«0S*«SgOS i'lSfflUfenMOSFETt. £E|g 
I^I©S i GelSrtWcpMOSFETTH n 
MO S F E T©/P«tja«jfiteH-r4SSftC^FfiJ-r* 
•5iV>-5^S<t, J^CiMOSFETTMtSns 
S i GeiClMIAmSCti^, H-£«-LK: 

m%it-?z> z. t tfimm-vtoz t^o mm&$> o fc. 

[0 0 0 8] #f£BJte. ±8Eraja^«*T^:Stlfct)0D 

*ffl^T§lo9l»3S*tt»«)S i «tl±liS^t«c^©S 
iGeltSISttKWSItm, MS-ffi 
ttfg^*«{bh^>> ; y;5'©*?i(cff^X^¥^#:SS 
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[0 0 0 9] 

*«±K pMOSFETinMOSFET **SMb 

SlOSi GelC0m^M«tC^^$tircpMOS FE 
Tt. il0SiGeI(7)pMOSFE T»flc««£iW 

gfDWl20SiGeic!:, ^©^20S iGel 
±tc»riESnfc3lt>»0S*««©S ijfi, -CDS i 
■ l:»*Snfcn.MOSFETt*Rtl/T&5Ct6 

[0 0 10] ifc, (St** 2) tt, ±ffi¥^ 

i cds i Ge^^-WHPS^r-rsttaiBt (s i mt 

P^CCVDSTfflS i G'eii*«t5lSt, 

elSMtSIit, ^2©S i GeJg±£3lo3BO 

IBS i B5«12©S i Gei(D-^iit^.Ig<!: 
fJfSS i )iR^m2a)S i Ge«£P££Lfc® 
«TI4»l©SiGeil:pMOSFET»aU MIB 
S i mjkWm2<DS i GeiSi8l/t*«T?BRS i ■ 

[ooii] n zlx\ *%w<Dm^L^miMmm£ it 

(1) §lr?3BDS*«ffi©S i»*^»J«Snfc^^^ 
CDS i Gett»fiESnfc^^*;i/««S:±fCiE?L©«t 

(2) ^1(DS iGeiiiCWt^iSIH mi (DS 
i GeiiCS i ■ftXbT^^r5/ir;PJ*SLfc«, "J** 

(3) vU3>^klK±^#ffiS^S i Gei^Mn 

J:DWbS i Ge*»*t6. 
(ftUB) *58flfcJ:ft«* mi <DS i GeI/!2(DS 
i Gei/S i Ji(D€*> 3 8(0^35: tiH«lig"C*0^^ 
b, pMOSFET»4flEK8S*ttffi©»l©S i GeJB 
K:»J«T*£4:*<T*, nMOSFET^blD^ 

OS FETWnMOS F E TCDM^(DiB3f d 



[0 0 12] ddT\ 5lo3BQS*tt»<OS i S«rJgfiE 
1"-5fc«>fct4, -tCOTtttbT^IBftttllOS i Ge 
■ *#J*-r*&Ba«*D, — JKKlttS i G e Jf cDISiJ|i£ 

m< Lft**n«fc&fctr>. **W"e»4v s iGei$# 

f 0 SS i Ge*<D*a«<D7^-;>fcJ:t)ISjl<bLT# 
SdtlCiD, S i GeJl©MJP**<iLTfcte^lIft 

y-X- K^>IBO»*#«©««fc9a:««D, Kit 

[0013] 

[0 0 14]. HI (a) tcS-Tckafc, S i Sfi 

1 l*«iaRCAffiC^T»iH/ft^ Xb°^*y 
Wl^DirXfccfctJJPS 5 0 nmg*OS'i u Ge 
u |(I10y'j3>m^Ai) 1,2«M 
SSOOTCTJBjjctS. d©i€f*J5KbfcS i Gel l 

[0 0 15] dCIT, S i Ge® 1 2CDGeH#*te. 

2 0-5 0X©«B*«IiLK Gel»$2 0%*i 
"tftt, SiGell 2C*^T»»ft©**:*«a«»a:^i 

-\*f, 5 0X±Q*a^l:lt SiG 
e!12(7)IM^7^ny-«Tl, 

[0016] £ SiGell2 (DJ!J¥te, dcSffliS 
£50 0 < Cfim<hU^ch#Ge5^^2 0-5 Q%\Zj$ 
JSLT, 4 0-3 0 0nmO)»WSLK -€-*U4, 
±E«HJ:D**^«-&K:tt, SiGeil2*E«S 

[0 0 17] ^lif, l^li;<xb 0 ^ + >^^yn-tix(c 
±0^MS5 0 0t:T% SiGe|12±l:f*10 
nm(DSill3^t§o ddT\ S i J§ 1 3 (Dm 
1 0 nm£tTCT§ ^ t^iJ LK *<03Stt>" 
BfcS i II 3*j»»fl:LTT«?*3e:*tm^y-h»<t 
dtfccfctK MOSFETOgft^ 

[0018] ddT, Si iS^S i Gel0Xt°^ + 
i/^Jl/ynirXtCOUT^, ^IxJiB. S.Meyer son bGD 
("Low temperature silicom epitaxy by UHV/CVD" 

Appl. Phys. Lett, vol. 48, p797-799, 1986B:tf "Cooperat 
ive growth phenomena in silicon/germanium low-temp 
erature epitaxy" Appl. Phys. Lett, vol. 53, p2555-2557, 
1988) fcB«anTlr>*. 

[0 0 19] &^T\ mi (b) tC^t* <ko\Z. S®£ 
fleftlMMtLTJPS 2.0 nmi«<Z)pMOSFEW 
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pMOS F E T»J*«*©J»flMfclR 1 4tt; EElH^tt 
lOSiGell 2 3i-V1&mfctf%.&ZttZ<Mf&£n 
S^tiSiiLK S i GeiSiSftLty 

am x mtimiz u - ^ m»ftii*©MH £ &s> a> e> t * 
[oo2o] ^t, 01 (c) \z7frt£.o\z. m&vc 

fig-fSo &^T\ 01 (d) KjRT«fc5C. 
mzCVnmz£QBl£ 2 0 0 nmiS©#IIS i 
n Ge u il5'IWt5;- ^C0*SSr 

«A««a*pe-«v»TN, #HSC4>T-6 o ot:f§g©if* 

mm&ft?, tomm. #s«s iGeii 5 
»*»&eft<ban, i^2oonmisi»i®^i 

fOLfeS iGei (I2ffly'Ja>yj^'5AI) 1 

[0021] ^^-ettbnfe^fflt&^SfnLfcs i g 

eI15tt, Si S1S±tCil^©Xb"^^->-v;l/yo-fe 

[0 0 2 2] iW^ytJ^DtXCiW 
MS5 0 OtT, S i Gel 1 5±(Cj¥£ 3 0 nmffl 
S i M 1 6 Sr^-fS. ' CDSSm. te^iSfn Lfc S i G 
eJBl5±fcfi, 3loK9£*ttli«)S i Ml 6#«M£ 

[0 0 2 3] *t^T\ 02 (e) Kl7K-t<fc5tC, 1/yX 
h£M*U gft, 5l{t!£fToT. nMOSFETOf 

yXh/^->17m^^LT, pMOSFETf 
i£¥5£ IS SiI16d:SiGeI15 £ffi# 

CDCDE (^3*1 • F7< -l-yf >v') I E 

[0 0 2 4] ^t, 02 (f) fcjjVt«k3tC. 1/yX 
hA-^->l 7£R£3cL£:^ h£tt^U 

tSiGell 2£iI#0QCDE (-ir5;tj;U • K^-f • 

x-y^>if) ^>rie (Rfc^-ty^-v^y?) *m 

[0 0 2 5] ^if, 02 (g) {'^T<t5(C, 
h/^->18SB*Lfe«, LOCOSfrjiSffi, *t> 
tthk>^#*fltE.kD*^#*«Kl 9£Jgj£U n 
MO S F ETCDMfSS^i pMOSFE T©^^F 

[0 0 2 6] &t>T\ 0 2 (h) (C^TckotC, 3tffi£ 



#SMftUnMOSFET«)MftS*l:i3 1 
0 nmlSffly- h^bM 2 0£7£fi£T5o n 

[0 0 2 7 ] 03 ( i ) (C^-Tck 5 tC, h 

Mitmi 4, 2 0±caECVDSt:<tO#iSy'j3 
>Ji*#j*Lifc«, ^©MSyU3>I$RIEi:J; 
0JDXLT., pMOSFETRtfnMOSFETffl^S 

h««2 i ^n^nm^T^. z\cDt^, m 

ffizR I EKiOy-httflSitl 4, 2 0 feRlttiCSt? 
-x>^TS. 

[0 0 2 8] 03 ( j ) IZtUT «fc 5 dr- h 

t!2 1 SrVys^ tbT, nMOS F ETMitil'J 
^SIRWMt^ALT, nlV-Xfi«2 2, n 
SKU-f >ffi«E2 3£flMU SfcpMOSFETM 

XSi2 4, pIKK>ffit2 5S;Mt5. 

8 0 O'CggfflMiC.toT^lieiCffiM^ff 

5. 

[0 0 2 9] ^T. 0 3 (k) (C^-fJ; 5 tc\ :£®SC 

s \mtmi££<nmmmm , m2 6^cvDffii:iOM 

bfc^. dCiriffiil 2 6 I^MO S F E TI^IIM 

L-T, nMOSFET|f©7-XfI2 7, F K >H 
128, y— MI£HJU*B WiS) , pMOSFE 
Tffl®V-Xll2 9, KH>1I3 0, y- 

[0 0 3 0] 04lir0Mft h7>yX^fflfMiT* 
&So RIBICfcHT. pMOSFETO^t^H* 

(KM) «£{C£E^S*S iGeI^6MSnw 
So Sfc|B|0T?,' nMOS FETfflff^;H« (#4 

HfCtt^LTV^ts**, SMOSFET5;W:/-7U 
t7ll:ML, PaMOSFET©#y-b£*ii&igg 
l/TAASft&L. ft]* W>£#SigiKl/rffl7J$g 
fiSU ft*©V-.X£«S, SSiftiHfcSeirracii: 
CMOS'f>;WSi)ST5It*ST?t5. 
[0 0 3 1 ] #*«JBI8K:«fcfttf, 
Sill 6 t ^il'MCI UfcnMOSFETifE 
S IGeil 2 5:fr*;H«t:ffl^fcp 
MO S F E T SRI— *«±K»«Ji*|jfiSffl UTf^«T 

So 

[0 0 3 2] WWlTttnMOSFETM 
S*:SO I*lifi£flJfllLTl>-5;fc«>. 
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[0033] **«»ffi*«5fe^»iwLfciBi ommmm 

fefIWI©S iGell 5 £SiRx 

[0 0 3 4] 0 5 (a) tC^T=k5fC, »tS 

i 0 . 7 Ge y 11 2<h£*SHtSll 4^ft5S iM 

I 1 SWT*. 1215 (b) C^fct'PlC, JM 

(a) ~ (c) <DT.mtmm-t:&z>° 

[0 0 3 5] 0 5 (c) (x*-rj;5{c, 8*K<ft 

II 4©MP8?{cS*?xtf5'^v-v;uyD-fe^tc«tO# 
ASSS i 0 . 7 Ge 0 . 3 13 1 «rSfc*-B*jrr«>. 

T, 05 (d) lZ*T£5lZ, ISSffiMlCCVDS 
CJ;I5J*32 0nmiS©#S«S i 0 . 7 Ge 0 . 3 Si 

IS i Gell 5 ' *«1S i GeS3 l^b©B*B 
^«T?tSilfl;-r*C<tfc«i:D, te^iKfntflROS iGe 
SI 5^at5Ci*"r§5. 

[0036] ;m«e?te, mi<Dmmmmiz^Ltzmm 
*mwit±mLZi&mmMmzmfe 

fM, ->'j3»f©J?£(;£, £J6»ffiT?^Ufc«fc:ft 

fiP^> IlCD->ij3>y^VZi?Aftt5 0n 
mtcPI^T. ffiHS^ttMUcrsfca&lcGeiiajsfttttja 

3>y;|/7r^AiB2 0 0 nmlzmi-f, #iflrft©« 

[0037] s&. *jfi^^T«y- h«e»Mt Lxm 
rucissr. t&Mfcsmvmitm. w\z\mitWk\M\-o> 

§5. 



[0 0 3 8] 

iffl^cnft^MOS h^^X^tffi&g^S i 
Gei^fflUfcpftWMOS h7>>?X^SSE^14 

[HI] »lC!3^ifi}BJ8t«t>-5**#KttO«jfiXS 

[0 2] *l©*lfcJBteC«fc***#$H^SBS6Xg 

[0 3] SBl©*ifi»fllC«t)S*i»#SB<D»jfiXS 

[0 4] $l©$J£^ffi{::fiU3S¥*tt£ft©«lgffi/$ 
£*T¥ffi0. 
[0 5] £2©£lfcJBS8fc«M3*¥*#S£«©«iiI8 

ll-Silfi 

1 2-S i o. 7 Ge u m (IlWy'Jn^Y-') 
AS) 

1 3-Bfl:KJE*jSffl©S i B 

1 5 ' -*ftIS i 0.7 Ge 0 . 3 M 

1 5 ••• S i o. 7 G e 0 3 M {W, 2 ©-> U n >y;Uvx9 

Ag) 

1 6-iK^7#f£ffl©S i S ' 
1 7-l/yX hA°47-> 

1 8-Ui?7> — > 

2 o-y-h»^« 
2 i -y- h«s 

2 2-nfiV-7t« 

2 3-nIKK>I« 

2 4-pSV-Xl« 

2 5-pSFH>i« 

2 6-IFW1 

2 7-nMOSIJy-Xli 

2 8-nMOSIFK >mffi 

2 9-pMOSUV-XiI 
30-pMOSfflh*K>tl 

3 1 S i 0.7 Ge 0 3 If 
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